Background: Safety software installed on intravenous (IV) infusion pumps has been shown to positively impact the quality of patient care through avoidance of medication errors. The data derived from the use of smart pumps are often overlooked, although these data provide helpful insight into the delivery of quality patient care. Objective: The objectives of this report are to describe the value of implementing IV infusion safety software and analyzing the data and reports generated by this system. Case study: Based on experience at the Carolinas HealthCare System (CHS), executive score cards provide an aggregate view of compliance rate, number of alerts, overrides, and edits. The report of serious errors averted (ie, critical catches) supplies the location, date, and time of the critical catch, thereby enabling management to pinpoint the end-user for educational purposes. By examining the number of critical catches, a return on investment may be calculated. Assuming 3,328 of these events each year, an estimated cost avoidance would be $29,120,000 per year for CHS. Other reports allow benchmarking between institutions. Conclusion: A review of the data about medication safety across CHS has helped garner support for a medication safety officer position with the goal of ultimately creating a safer environment for the patient.
H ealth care organizations must determine how to use clinical practice data to address routine clinical, business, and financial issues such as patient safety and quality outcomes. Risk resides with payers and providers, including hospitals, ambulatory care facilities, and physicians' private practices. It is likely that in the future providers will carry the burden of reporting on patients and managing a population's health. An Institute of Medicine report concluded that medical errors are mostly the fault of system failures rather than individuals. 1 Improvements in methods and technologies are useful tools for creating ''a culture of safety'' with the patient at the center. 1 Safety software installed on intravenous (IV) infusion pumps has been shown to positively impact the quality of patient care through avoidance of medication errors. This decreased error rate also has been associated with cost savings, workflow improvement, and legal risk reduction. [2] [3] [4] Through the use of IV infusion pumps equipped with safety software (''smart'' or ''intelligent'' infusion pumps), many high-risk medications can be administered safely. There is evidence that by integrating IV infusion pumps with institutional information systems (eg, electronic medical records, barcode point-of-care, and computerized physician order entry), evidence-based standards could be applied to patient care, thereby increasing patient safety. 5 Based on results from the 2011 ISMP Medication Safety Self Assessment for Hospitals, about half of the respondents indicate that they use smart pump technology throughout the organization to intercept and prevent errors due to misprogramming or miscalculation of doses or infusion rates. 6 Another 25% of the hospitals *Smart Pump Liaison, † Medication Safety Officer, Carolinas HealthCare System, Charlotte, North Carolina. Corresponding author: Jennifer Mansfield, PharmD, Carolinas HealthCare System, 1000 Blythe Boulevard, Charlotte, NC 28203; phone: 704-355-2434; e-mail: Jennifer.Mansfield@carolinashealthcare.org use smart infusion pumps in some patient care units. However, this recent report reveals that preventable errors associated with the misprogramming of smart infusion pumps may still occur.
Many facilities have analyzed the impact of implementing smart IV infusion pump technology and have documented reductions in adverse drug event (ADE) rates based upon the reduction in the frequency of infusion rates thought to be associated with harm (ie, exceeding preset soft and hard dosing limits). [2] [3] [4] 7 The Association for the Advancement of Medical Instrumentation (AAMI) has released a list of actions that hospitals can take to immediately improve medication infusion safety. These actions include ensuring that wireless capability is an essential requirement in purchasing decisions, maximizing the use of smart-pump features and capabilities, and analyzing and using the continuous quality improvement data generated by these infusion systems. 8 All of these recommendations were important in the selection of smart pumps for CHS.
The data captured and stored in smart infusion pumps provide useful analytical tools for evaluating clinical practices. Thorough analysis of these data can contribute to positive changes in practice. Organizations must have a plan for timely review of the data and how they will be used to improve medication safety throughout the facility. 5 The Institute for Safe Medication Practices (ISMP) held a summit to discuss the use of smart infusion pumps. ISMP's recommendations included the development of a multidisciplinary group to translate pump log data analysis to practice. ISMP stated that the information retrieved from the smart infusion pumps may not make sense until clinicians provide the contextual explanation of events revealed by the data. 9 Although often overlooked, the data derived from the use of smart pumps provide a helpful insight into the potential pitfalls in the delivery of quality patient care. The purpose of this article is to show how analysis of the data and reports from the use of smart infusion pumps aids in understanding and evaluating clinician practice patterns.
CASE STUDY
CHS provides a full spectrum of health care and wellness programs throughout North and South Carolina with a diverse network of more than 650 care locations that include academic medical centers, hospitals, health care pavilions, physician practices, destination centers, surgical and rehabilitation centers, home health agencies, nursing homes, and hospice and palliative care. CHS is one of the nation's largest and most comprehensive systems, with more than 48,000 employees, more than 6,200 licensed beds (acute care and postacute care), and an annual budget exceeding $6.5 billion.
Carolinas Medical Center (CMC) is the largest facility in CHS. An advanced mainframe computer system, computerized physician order entry, and dispensing and robotic machines support medication distribution. Approximately 10,000 doses per day are dispensed from the pharmacy.
Decentralized clinical staff pharmacists are responsible for order verification, pharmacokinetic monitoring and consults, renal dosing, pharmacy interchanges (including IV to PO), and adverse drug reaction reports. In addition, clinical staff pharmacists in the main pharmacy are responsible for order verification for miscellaneous units, compounding, IV preparations, and drug information.
Pharmacists are responsible for assessing various drug therapies and pharmacy services to identify areas of improvement. Medication use evaluations are conducted as quality assessment projects designed to improve medication utilization. All pharmacists participate in the assessment and documentation of ADRs. Clinically significant ADRs are reported to the Pharmacy and Therapeutics (P&T) committee for a focused review.
Smart pump technology works best when accompanied by efforts to improve the safety culture of the hospital, the involvement of the health care team, and the collection of data to show clinicians that the tools actually work. Data collection and feedback are important, because clinicians are empowered by seeing success. Clinician empowerment is an extremely important pillar in creating a strong safety culture. 10 For these reasons, after deciding to purchase the Plum A 1 Pumps with MedNet (Hospira, Inc., Lake Forest, IL), CMC determined that it was important to have a dedicated pharmacy resource to collect and review data from the MedNet safety software program. This person would also be responsible for drug library maintenance and would act as a pharmacy liaison and resource for smart pumps. Initially, this was a single facility-level position that has since grown to support the smart pump drug library that serves multiple facilities.
To support the association between technology implementation and patient outcomes, data output from the infusion pumps are analyzed by quantity and types of alerts to end-users. Executive score cards are created utilizing this data ( Table 1 ). The score card provides an aggregate view of compliance rate and number of alerts, overrides, and edits. Specific high-alert medications, such as heparin, insulin, and propofol, may be added to the score card for additional review and evaluation. Table 1 shows that the overall alert rate was 7.5% (30,979/413,078), which is equivalent to approximately 5,163 alerts per month or 172 per day. This represents a large number of alerts when one considers all of the other technologies that have alerts such as monitors, beepers, and so on. The proportions of lower and upper hard limit alerts were 12% (3,780/ 30,979) and 88% (27,199/30,979), respectively. Of the total alerts, 84% (26,690/30,979) were overridden by the end-user, and 16% were edited to comply with established acceptable rates.
Even in hospitals with strong safety cultures, preventable mistakes occur and the potential for serious errors is widespread. Table 2 displays examples of serious errors that were averted due to the smart infusion pump technology (ie, critical catches). This information supplies the location, date, and time of the critical catch, thereby enabling nursing management to pinpoint the end-user for educational purposes. Examination in detail of the individual alerts and edits provides strong support of the effectiveness of the safety software in changing end-user behaviors to more appropriate and safer infusion administration. These critical catches are shared at an administrative and nursing unit level.
Cost Avoidance
By examining the number of critical catches, a return on investment (ROI) may be calculated. A total of 1,664 potential serious errors averted due to smart pump technology were documented in a 6-month period at CMC. Medication errors are costly to patients, families, employers, hospitals, health care providers, and insurance companies. One study found that each preventable ADE that took place in a hospital added about $8,750 (in 2006 dollars) to the cost of the hospital stay. 11 Assuming 3,328 of these events each year, an estimate of cost avoidance would be $29,120,000 per year. For other institutions, considering the annual cost of salary/ benefits for one pharmacist is estimated at $125,000, the high ROI achieved may be used to justify additional pharmacist staff, even in this era of cost reductions. 12 The savings gained through use of this program may also be used to expand safety and clinical patient programs.
Analysis of Smart Pump Data Reports
Implementation of smart infusion pump technology promotes a safer patient environment by averting IV programming errors and other causes of infusionrelated medication misadventures. Actionable data and reports are generated through use of this technology, which were previously unavailable. These reports can play a critical role in continuous quality improvement in medication use. 3 The smart infusion system collects data from which various reports can be created to provide insight into clinical practice, such as:
Compliance rate of utilizing the intelligent infusion software Identification of medication doses frequently overridden 
Practice trends Prevalence of errors sorted by units and medications
Medications associated with the critical catches
The system provides an ongoing means of evaluating and upgrading a hospital's performance and impact on patient safety. Regular evaluations by nurse administrators, pharmacy and risk management staff, the drug library task force, P&T committee, or a combination of personnel are essential to determine how to make the most of the information gathered.
One way these data may be used is through analysis of the total alerts generated by the smart infusion pump technology over a specified time period. By analyzing these data at CMC, it was clear that the majority of alerts were due to IV fluids. This is concerning because the alarm systems on these devices can also contribute to the occurrence of adverse events. Alarm-related adverse incidents may result from a variety of factors including alarm fatigue, in which staff become overwhelmed by the number of alarms and thus become desensitized. This can lead to missed alarms or delayed alarm response. 9, 13 Alarm fatigue can also cause staff to act inappropriately by adjusting alarm limits outside the safe range to reduce the number of alarms or by turning down the volume of alarms to an inaudible level in an attempt to reduce alarm fatigue and reduce stress on the patient and family. 13 Because of information collected, we determined that it was important to increase the upper soft limit of IV fluids from 250 mL/h to 500 mL/h and thereby decrease the most common clinically insignificant alerts in our data. These data are also useful in their benchmarking capabilities. This program provides insight into how the upper and lower hard limits at CMC compare with other institutions (Tables 3 and 4) . After reviewing the benchmarking data, we identified the need and opportunity to add hard limits to our library's esmolol and labetalol entries. Since adding these limits, we have identified several significant critical catches, highlighted in Table 5 .
We continue to look for opportunities to connect these changes to patient outcomes. At CMC, the current electronic connection for the pumps is not patient specific. Therefore patient-specific events are difficult to link to the drug library data. The assumption is that increasing compliance with the use of the library and implementing tighter controls, such as hard limits, positively impact patient safety. This is often demonstrated by a review of the data on edits of high-risk drugs and prevention of unsafe infusion rates.
Updating the Smart Pump Library
After implementing the smart pump technology, the drug library data will need to be updated at regular intervals. 2, 3 Examples of updates include increasing or decreasing the number of concentrations of a single drug, adding new medications, or making changes in dosing limits. CHS has adopted a standardized update checklist that has proven to be valuable ( Table 6) .
A specific example of how CHS has used the smart pump data reports to improve patient safety is vancomycin infusions. Vancomycin is considered a highrisk drug due to its adverse drug reactions associated with rapid infusion. Before the most recent update, vancomycin was listed in the drug library without specific concentrations (_mg/_mL). Reports showed that nurses sometimes programmed the concentration incorrectly. They would mistakenly program the dose in milligrams instead of grams, triggering the lower soft limit of 0.25 g/h. A pump misprogrammed in milligrams instead of grams can result in a 1,000-times disparity. Due to the pharmacotherapeutic and pharmacokinetic profile of vancomycin, adult doses can range from 750 mg to 2,000 mg, and volumes of fluid may differ by hundreds of milliliters. Because the smart pumps service multiple facilities, a multistep approach was needed to standardize vancomycin preparation and administration at CHS facilities and in the drug library.
Pharmacists from multiple facilities agreed that vancomycin prepared at a CHS facility would (a) be rounded to the nearest 250 mg, (b) be prepared in a specific volume dependent on the dose, and (c) be administered at a maximum of 1 g/h. These 3 decisions allowed the CHS drug library task force to approve specific vancomycin entries with upper hard limits and eliminate vancomycin _mg/_mL from the library. This decision improved vancomycin infusion safety at CHS. Utilization of the smart pump data allowed CHS to identify a problem and use a systemwide approach to improve patient safety. CHS has created an intravenous medication guidelines document. This is a stand-alone reference that is a driving force to support uniform medication usage across multiple facilities and care units. It was developed and is routinely updated by the P&T committee process at all facilities. This document allows us to create medication entries within the clinical care areas of the smart pump drug library that support multiple facilities across the entire health care system. Examples from these guidelines are highlighted in Table 7 .
DISCUSSION
Findings from a recent study validated concerns raised by patient-safety experts in the United States and Europe that harm resulting from medical care remains very common. 14 At CHS, we are working to improve the safe use of medications through multiple pathways. Current processes include the addition of a system medication safety officer position, which was justified by calculating the ROI of the IV infusion safety software program. The position was created to spearhead the development of a systemwide medication safety program. This effort is in its first year of development and is dependent on the system quality tools. A medication safety council includes representatives from all CHS hospitals and outpatient pharmacy, long-term care, and ambulatory clinics. Monthly meetings of this group focus on the regular review of data to frame medication safety projects. The intent of the CHS quality groups called Quality and Safety Operational Councils (QSOCs) is to harness the good work happening at each facility and adopt it across CHS. The identification of new sources of data and opportunities to standardize processes are key success strategies for improvement. Many of the CHS facilities have the Plum A1 pump as the primary infusion pump for patient care. Much of the effort to improve has focused on the development of the intravenous medication guidelines ( Table 7) across the 8 facilities. These guidelines enable the multiple facilities in CHS to use the same drug library. Most of the workload required for standardization of concentration, volume, monitoring, and other details is invested in the update and approval of the intravenous medication guidelines. Once the guidelines are updated, it will be much easier to set standard library limits. Differing practices, concentrations, and types of patients create the need for increased communication and careful planning to ensure the library will support each facility in the best way. Moving forward, the medication safety councils will provide a platform for discussion of key issues, such as which drugs need to be in which clinical care areas, standard concentrations, and hard and soft limits. The medication safety officer's role and responsibility for all CHS facilities will be a nice driver for the application of the data for all the patients in the system. Best practice can be identified and spread in a more expedient manner.
There is the opportunity for reports to be generated at each facility to determine a complete route for the process. Currently the decisions are made from the reports generated from use of the pumps on the server at CMC. There are 4 additional servers across the 8 facilities, allowing for more specific data to be generated. Data can help to make the infusion library safer and increase the ease of programming for nurses as they interface with the devices. In our case, these data provide another opportunity to identify possible sources of harm. The system medication safety officer and smart pump pharmacy liaison meet regularly to discuss the data, recommend changes to the library, and look for opportunities to improve patient safety. This connection is a key part of the development of a CHSwide medication safety program. The executive scorecard and other reports from the database also provide key input to the medication safety program at CHS.
CONCLUSION
The quality of patient care is increased through the use of safety software installed on IV infusion pumps to prevent medication errors. By analyzing the data and reports generated by this software, CHS has been able to provide an additional level of safety to its patients and garner support for a medication safety officer position. An estimate of cost avoidance due to the IV infusion pumps was calculated to be approximately $30 million per year for CHS.
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